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1 SQIR (21)
2
21 SQ $|$ R
$\square$ $4n$ $\square$ : $\square$ sk $\square$ Qk
$R_{k}$ (l $\leq$ k $\leq$ n) $k$ $\square$
$k=1$ $k=2$ $S_{2}$







$\{\begin{array}{ll}\frac{dS_{k}(t)}{dr}=b_{k}-\sum_{j=1}^{n}\beta_{kj}S_{k}(t)l_{j}(t)-(\mu_{k}+q_{k})S_{k}(t), \frac{dQ_{k}(l)}{dr}=q_{k}S_{k}(t)-\sum_{j=1}^{n}\delta_{kj}Q_{k}(t)1_{j}(t)-\mu_{k}Q_{k}(l), \frac{d1_{k}(t)}{d\prime}=\sum_{j=1}^{n}\beta_{kj}S_{k}(t)I_{j}(t)+\sum_{j=1}^{n}\delta_{kj}Q_{k}(t)I_{j}(t)-(\mu_{k}+1k)I_{k}(t), 1\leq k\leq n.\end{array}$ (2.1)
(2.1) $(t)$ $Q_{k}(t),$ $I_{k}(t)$ $R_{k}(t)$ $R_{k}$
(2.1)
22
(2.1) $b_{k},\mu_{k},\beta_{kj},$ &j , $q_{k}$ , $\Omega$





$(S_{k}(O),Q_{k}(O),I_{k}(0))_{1\leq k\leq n}$ $\Omega$ $t>0$ (21)
$(S_{k}(t),Q_{k}(t),I_{k}(t))_{1\leq k\leq n}$ $\Omega$
(2.1) (2.1) $0$
$\{\begin{array}{ll}0=b_{k}-\sum_{j=1}^{n}\beta_{kj}S_{k}^{*}J_{j}^{*}-(\mu_{k}+q_{k})S_{k}’, 0=q_{k}S_{k}^{*}-\sum_{j=1}^{n}\delta_{kj}Q_{k}^{*}I_{j}^{*}-\mu_{k}Q_{k}^{*}, 0=\sum_{j=1}^{n}\beta_{kj}S_{k}^{*}l_{j}^{*}+\sum_{/=1}^{n}\delta_{kj}Q_{k}^{*}I_{j}^{*}-(\mu_{k}+n)l_{k}^{*}, 1\leq k\leq n,\end{array}$ (2.3)
$(S_{k}^{*}, Q_{k}^{*},I_{k}^{*})_{1\leq k\leq n}$ $I_{k}^{*}=0(1\leq k\leq n)$
$(S_{k}^{*},Q_{k}^{*},I_{k}^{*})=(S_{k}^{)},Q_{k}^{0},0)=:E_{0}$ , (2.4)
$E_{0}$ $=$ bk/ $($ $+q_{k})$ $Q_{k}^{0}=q_{k}S_{k}^{0}/\mu_{k}$
$E_{0}$ $\Omega$ $\partial\Omega$ $I_{k}^{*}>0(1\leq k\leq n)$
$($ $, Q_{k}^{*},I_{k}^{*})_{1\leq k\leq n}$ $\Omega$ $\Omega^{0}(=\Omega/\partial\Omega)$
$R_{0}$
[8, 9] (21) $R_{0}$ $K[8,9,10]$
$K=(\frac{\beta_{kj}5_{k}^{0}+\delta_{kj}Q_{k}^{0}}{\mu_{j}+\gamma_{j}})_{1\leqk,j\leq n}=(\begin{array}{lll}\infty\rho_{[|S^{O}+\delta_{||}\zeta J^{O},\mu_{1}+)1} \cdots \frac{\beta_{1n}S_{1}^{()}+\delta_{ln}Q_{1}^{0}}{\mu_{n}+n}| \ddots |\frac{\rho_{n1}s_{n}^{o}+\mathfrak{g}_{\iota 1}\underline{o}_{n}^{0}}{\mu_{1}+\gamma_{|}} \cdots \frac{\beta_{m}S^{()}+h_{n}\underline{O}^{0}}{\mu,+\gamma_{\prime\prime}}\end{array})$ . (2.5)
$K$ ([8]) $n$




(i) $R_{0}\leq 1$ $E_{0}$ $\Omega$
(ii) $R_{0}>1$ $\Omega$ $\Omega^{0}$ $E^{*}$
17
( Guo et al. [3]
):
3.1 (21) $R_{0}\leq 1$ $E_{0}$ $\Omega$
$>1$
Freedman et al. [12] (2.1) $\Omega$ (uniformly persistence)
(2.1) $\Omega$ Smith and Waltman
[13] D.2( D) $\Omega$ $\Omega^{0}$ $E^{*}$
32 (2.1) $R_{0}>1$ $E^{*}$ $\Omega$ $\Omega^{0}$
$>1$ :
$3S$ (21) $R_{0}>1$ $E^{*}$ $\Omega$ $\Omega^{0}$
$R_{0}>1$ 32
$E^{*}$ $\Omega^{0}$ $E^{\cdot}=$ $(S_{1},Q_{1}^{*},I_{1}^{l}, \cdots:S_{n}^{l},Q_{n}^{*},J_{n}^{l})$ $\theta_{kj}:=$
$(\beta_{kj}S_{k}^{\cdot}+\delta_{kj}Q_{k})l_{j}^{*}$
$\Theta:=$ $( \sum_{\neq 1,-\theta_{12}}\theta_{1t}-\theta_{1n}$ $\sum_{\neq_{\sim}\theta_{2l}}^{-\theta_{21}}-\%_{\hslash}$
$\ldots$
$\sum_{4\neq n}^{-\theta_{n2}}-\theta_{n1}:_{\theta_{nl}})$ ,
$\ominus v=0$ , (3.1)
1
$v=(v,v,\cdots,v_{n})=(c_{11},c_{22},\cdots,c_{nn},)$ , (3.2)
[3] $Ckj$ $\Theta$ $(k,j)$
$v_{k}$
$vk=. \sum_{7\in T_{k}}w(T)=\sum_{\gamma\in T_{k}}\prod_{(l,r)\in E(7)}.\theta_{lr}$
, (3.3)
( [3, 4, 51 ) $T_{i}$ $G(\Theta)$ $k$
$w(T)$ $T$ $E(T)$ $T$ ( 2) (3.3)
$v_{k}$
$V(S_{1}, Q_{1},J_{1}, \cdots,S_{n},Q_{n},J_{n}):=\sum_{k=1}^{n}v_{k}\{S_{k}-S_{k}-S_{k}^{\cdot}|n\frac{S_{k}}{S_{k}’}+Q_{k}-Q_{k}^{*}-Q_{k}^{s}\ln\frac{Q_{k}}{Q_{k}^{*}}+J_{k}-r_{k}-l_{k}^{*}\ln\frac{J_{k}}{I_{k}^{*}}\}$ , (34)









$w(T)$ : $\mathfrak{g}_{2}\mathfrak{g}_{1}$ $\mathfrak{g}_{3}\mathfrak{g}_{1}$ $\mathfrak{g}_{1}\mathfrak{g}_{1}$
2 $n=3$ 1 $T_{l\text{ }}$ $w(T)$ $h_{2}$
$I$ 3 1
1 (3.3) $v_{12131}=\ *+**+$ 1 1
$E^{*}$ (2.3) (3.4) (2.1)
$V’ \leq H_{n}+\sum_{k=1}^{n}v_{k}\{\mu_{k}S_{k}^{*}(2-\frac{S_{k}^{*}}{S_{k}}-\frac{S_{k}}{S_{k}^{*}})+\mu_{k}Q_{k}^{*}(3-\frac{S_{k}^{*}}{S_{k}}-\frac{S_{k}Q_{k}^{*}}{S_{k}’Q_{k}}-\frac{Q_{k}}{Q_{k}^{*}})\}$ , (3.5)
(3.6)$H_{n}:= \sum_{k=1}^{n}\sum_{j=1}^{n}\{v_{k}\theta_{kj}\max(2-\frac{S_{k}^{*}}{S_{k}}-\frac{S_{k}1_{j}J_{k}^{*}}{S_{k}^{*}J_{j}^{*}l_{k}},$ $3- \frac{S_{k}^{*}}{S_{k}}-\frac{S_{k}Q_{k}^{*}}{S_{k}’Q_{k}}-\frac{Q_{k}J_{j}J_{k}^{*}}{Q_{k}^{*}J_{j}^{*}J_{k}})\}$ .
(3.5) 2 $(S_{k}, Q_{k})=(S_{k}^{*}, Q_{k}^{*})$ $k\in[1,n]$
$H_{n}\leq 0$
[5] $H_{n}$
$H_{n}= \sum_{K})\nu(K)\sum_{(k.j)\in E(C.K)},\max(2-\frac{S_{k}^{*}}{S_{k}}-\frac{S_{k}1_{j}J_{k}^{*}}{S_{k}^{*}l_{j}^{*}I_{k}},$ $3- \frac{S_{k}}{S_{k}}-\frac{S_{k}Q_{k}^{*}}{S_{k}^{*}Q_{k}}-\frac{Q_{k}l_{j}J_{k}^{*}}{Q_{k}^{*}l_{j}^{*}I_{k}})$ .
$\iota v(K)$ $K$ $CK$ $K$ (
) $H_{n}\leq 0$













$CK$ (3.7) $H_{n}\leq 0$ $V’\leq 0$
(3.4) $V$ [141
$E^{\cdot}$ Guo et aT.[3
4
(21)
[3, 4, 5, 6]
[1] http://www.nih.go.jp/niid/index.hhnl
[2] $\sim$ $\sim$( ),
http:$//www$.mhlw.go.$jp/bunya/kenkou/kekkaku$-kansenshou04/pdfi091120-01.pdf
[3] H. Guo, M.Y. Li, Z. Shuai, Global stability ofthe endemic equilibrium of multigroup SlR epidemic models,
Canadian Appl. Math. Quart. 14 (2006) 259-284.
[4] H. Guo, M.Y. Li, Z. Shuai, A graph-theoretic approach to the method of global Lyapunov functions, Proc.
Amer. Math. Soc. 136 (2008) 2793-2802.
[5] M.Y. Li, Z. Shuai, C. Wang, Global stability of multi-group epidemic models with distributed delays, J.
Math. Anal. Appl. 361 (2010) 38-47.
[6] Z. Yuan, L. Wang, Global stability of epidemiological models with group mixing and nonlinear incidence
rates, Nonlinear Analysis RWA. 11 (2010) 995-1004.
[7] X. Liu, Y. Takeuchi, S. Iwami, SVIR epidemic models with vaccination strategies, J. Theor. Biol. 253 (2008)
1-11.
[8] ( )(2008)[
[9] O. Diekmann, J.A.P. Heesterbeek, J.A.J. Metz, On the definition and the computation of the basic repro-
duction ratio $R_{0}$ in models for infectious diseases in heterogeneous populations, J. Math. Biol. 28 (1990)
365-382.
[10] P. van den Driessche, J. Watmough, Reproduction numbers and sub-threshold endemic equilibria for com-
partmental models of disease transmission, Math. Biosci. 180 (2002) 29-48.
[11] Berman $A$ , Plemmons RJ (1979) Nonnegative matrices in the mathematical sciences. Academic Press, New
York
[12] Freedman HI, Ruan $S$ , Tang $M$ (1994) Uniform persistence and flows near a closed positively invariant set. $J$
Dynam DiffEquat 6:583-600
[13] Smith HL, Waltman $P$ (1995) The $theo\ddagger\gamma$ of the chemostat: dynamics of microbial competition. Cambrige
20
University Press, Cambrige
[14] Lasalle JP (1976) The stability of dynamical systems, regional conference series in applied mathematics.
SIAM, Philadelphia
21
